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Summary
The extent to which no4ill management improves water arid wind erodihility parameters
is not well understood. This study assessed changes in aggregate resistance to raindrops,
dry aggregate wettabiity, and dry aggregate stability as well as their relationships with
changes in soil organic carbon concentration in the central Great Plains, Three .longr
term tillage systems (conventional tilage, reduced tiflage, and no4ill) were studied at
four sites across the central Great Plains: Hays and Tribune, KS, Akron, GO, and Sidney,
NE. The kinetic energy of simulated raindrops required to disintegrate 4. 75 to 8mm
aggregates from nowill soils was between two and seven times greater than that required
for conventionali. .tilled. soils in the to l’ •n•. .depth in all •soiis.. Nrotili soils delayed
water entry into aggregates by four times at Akron and Hays and by seven times at Sidney
and Tribune compared with plowed soils. Aggregates from notill sods were more stable
under rain and less wettable than those from plowed soils, particularly at the soil sur
face. Reduced tillage had lesser beneficial effects than notill management. Soil organic
carbon concentration explained 35% of the variability across soils in aggregate wettabiE
ity (a measure ofhow readily aggregates can repel water) and 28% of the variability in
resistance to raindrops. Tillage system did not affect dry aggregate size distribution and
stability. Aggregates in conventionally tilled soils were either stronger than or equally
as strong as those in no-till soils when dry but were less stable when wet. Overall, no-till
farming enhanced near-surface aggregate properties affecting water erosion but had
small or no effects on dry aggregate stability.

introduction
Characterization of near-surface soil aggregate structural properties such as aggregate
size distribution, stability, and aggregate wertiibility is crucial to predicting soil erosion
potential, structural development, and soil organic carbon dynamics. In fact, knowledge
of resistance of near-surface soil aggregates to eros.ire forces of wind and rain is criti
cai in determining the extent to which a soil will erode. This is especially important in
semiarid regions, such as the Great Plains, where low precipitation, high evaporation,
and variable and low biomass production in interaction with intensive tilliage can alter
aggregate properties and accelerate soil’s susceptibility to wind and water erosion.

Most producers are aware that no-till can help control water and wind erosiOn because of
increased surface residue. Crop residue helps diniinish the impact of raindrops and re
dtrccs the erosive power ofwind at the soil surface. What if surfhce crop residue is sparse
in a no—till system? Niasrili and high surface residue levels (10 not always occur together.
Surface residue may be sparse in no-till if crop yields are very low, if low residue produc
ing crops are a part of the rotation, or if crop residue is removed for biofucls or some
other use. Will no—till still help control water and wind erosion under those conditions?
I in uisuer to this qrr soon il iv nds on wht ther no-t II improves nz ai-oirl ire (upjx r
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few inches) soil siructi rai properties. Soil aggregate stability is another factor involved

in dt It iminmg U—’t plibiliR of i ‘nil to uaiu awl wind t wion II wiul igai _att in tin

upper layer of the soil are strong and smble, they will be more able to resist breakdown b’,

Ntrjkina’ raindrops and withstand the abrasive erosive energy of wind,

Although benefits ol conservation tillage for increasing capture and retention of precipi

tanon and iniensilicanon of croppniit Si stems are weB recogni cd. cfThcts of these tillagc

systems on ncarsurli1ce aggregate structural properties are not well understood, Prcvc

otis studies have shown that conser\atiowtillage management may not always increase

soil iggri gait italuhn cut i plowed c itt in’ B It tuna crop rt ‘adue’ on ilu soil in fa

and niininnzing soil disturbance, eonservationsollage practices often increase soil oi’—

ganic carbon concentration. In some soils, this increase in soil organic carbon may lead

to improved stability of aggregates over1aowed systems because materials enriched with

soil organic carbon provide organic binding agents to soil, which coalesce nucroaggre

gates into stable macroaggregates. Further assessment of tillage effects on nearwurfaee

parameters of soil erodibilnv and their relationships with soil organic carbon across a

range of soils is needed,

Objcrnx c of this tud wao in qiiautifi changi s fl t.,arcgltc plots hits Ic ri ‘-a c

distribution, stability, resistance to raindrops, and wettability) and study their relatioic

ships to soil organic carbon concemration under various longiterm tlllagc systems in the

central Great Plains.

Procedures
Four representative long—term (between 19 and 43 years) tillage experiments across the

central Great Plains were selected for this study. Field sites were located at Akron, CO.

Sidney. NE. and Hays and Tribune, KS. Tillagc systems were established in a random—

ized complete block design at each site. Crop rotations were winter wheat/grain sor—

ghum/fallow at Hays and Tribune and winter wheat/fallow at Akron and Sidey.Soil

samples were collected from each treatment plot at each site for the 0— to 4—in, soil depth

for determination of aggregate resistancis to raindrops, wettabilitv, and dry aggregate

stability in late summer 2008.

Aggregate resistance to raindrops was determined by using a raindrop simulator. Wetr

C will igyr al I d L J

the water dro. penetration time method, which coi.Isists of placing t. drop of deionized

vtr( ron top fmdnldnai ggrc gates w’th a i ucrocyringe and C cording nine str ond)

‘ OlhrVd i i f tit in rce 0 nfl gg t i )r SC n I

termined by using a colunin of sieves with different openi.ngs. Soil retained in eac.h s.ieve

was werghed to compute the mean weight d.iameier of aggrcg.iics. Soil organic carbon

eoncicn[ration was determined l the- dry combustion method.

Resu it,

Soil WaterRmdthilhtyPammeters
ill In ming in’ reast ci both soil igirr gait re,lstarl( against raindrops (Figure 1 A)

and water repellency (Fig’tu’c I B) compared with plowed sestenis. particularly at the soil

surface (0— to 1—in, depth). Kinetic energy of raindrops needed far aggTegale disitte—

1 1)
,

( ri fi — o i it ii cik ii nbc a n—n I
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manag rnt Ot 111(1 cased knit tic energr tor aggrcgau dlslntcgTatlon it all depth inr C als

from 1) to 1 in. Kinetic energy for aggregate disintegration between reduced tiflage
and con eiìtional tillage did nOt di 11cr ill 111051 sods, In the 0—to I —in. depth, water drop

penetration tniie in no—till ‘oils as tour titHes rearer at \kron and I lays aiid sevcii tinie

greater at Sidne and Jribunc compared with plo ‘ted soils Figure 1 Be Water drop
penetration time nilues aeragcd across soils at Akron and Hats were 25 seconds his

no—till and 0.6 seconds ha conventional tillage. uhcrcas at Sidney and Tribune, atcr

drop penetration tame averages were I I seconds tin no—till and 1 5 seconds lbs plowed

soils in the 0—to I —in. depth.

Soil organic carbon in no—till was greater than in plow tillage in most soils in the surface

0 to 1 in. The greater aggregate resistance to breakdown was partly due to the greater

soil organic carbon concen[ratlon in no—nIl soils. K1 neuic energy of randrops Lbs dis—

integ’ranon of aggregates increased positively with the increase in soil organic carbon
nh 1111)11 in all od I urur 2) Oi mt inn ft v the ki- o rhi, tmt,ru’cm( mit in an

gre it tie st ibihn found in no—nil ‘oiL Soils rich in i raani carbon imost likel pre id- or

ganic binding agents. which join nucroaggregates together into stable macroaggregates.
The increase in soil organic carbon concentration with no-till farming also reduces rapid
wetting of soil aggregates. Soil organic carbon compounds often coat soil aggregates and
impart slight hydrophobic properties, which are critical for aggregate stabilization. The

slight reduction in water cntr into aggregates reduces both aggregate slaking and the
amount of soil which will be eroded. Results suggest that soil organic carbon increase

with no—till improved aggregate resistance to raindrops by inducing slight water repel—

lencv and by binding soil particles into stable aggregates.

The l)ottom line is that aggregates from no-till soils were more water-stable, less wet

table, and had greater organic carbon concentration than soils under conventional

tillage. Aggregates of plowed soils were weaker against water and wetting forces because

of frequent soil disturbance, which disrupts aggregate formation and accelerates losses

of soil organic matter. it is. however, important to note that no-till soils can also become

siisceotbIe to water erosion jim the long term ifcroj residue is continually removed at

high levels for expanded uses. such as celiulosic ethanol production. Continued removal

of residue can evcnmailv reduce wet aggregate stability and other structural parameters
mihtencing’ soil water erodibilitv.

Soil WindErodibilityPammerers
Results of ihis regional so-dy also show tha.t under vc.ry dry soil conditions, aggregates

in no-ti.ll soils maybe no inore stable (or even less stablini than t:hose i.n plowed soils. The

lack f di Itt rencec of di c iggregate stahtttst conwasu il with the larg dflt posltn t tk etc

ri in e ihijip id wItinrt I in akdoun mdii i ndropc
it 1tr,1 iCr 1i’wi’Idnl4t “‘ik 1lL.ti at a fl’r( ii i

clii in sVihit I u,, u ii n C igyec iii (er L”t iii ii te dhti t

1 1 H I nid 51it 0 1 1 rii i IC 1 I iC it I i

finding suggests that no—till soils, H left wtthout residue ceucr, can be erodeo by xvt mid at

equal or even at higher rates than plosed soils.

This points out the crucial need for maintaining surface residue cover to protect soil

•from wind erosion. Residue cover huflhrs the erosive threes of wind. reduces evapera
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note and lilifflhiii/eS ;ilirupi lltittiiation iii \WttiIIg and drying c\ des that \Caketi soil ag—
urcgaiu. \o—till soil’ \1tl1 liiiiited al)OVU2TOIII]d IMomass production are i1iOr_’ V[l)llcriible

to wind erosion compared with pIowd soils. br winch the transient roughness reaiud

h\ Hinge may reduce md erosion.

Under typical no—till conditions with high levels of residue on the surface, wind erosion
rates are expected to be lower in no—till soils. l)epending on the amount of residue.
no—mill soils tend to be wetter than plowed soils because of reduced evaporation, which
reduces soil detachment by wind. The greater the water content of surface soils, the
lower the wind erosjon rates.

This regional study shows that iioiill ilini ing has large and positive cikets on mmproing
soil structural propert es and redueinu soil \atcr e.rodibiltv. even ifsurlilec crop residue
levels are sparse. But cili’cis 01 no—till on aggregate- properties influencing wind erosIon
appear to be Limited: adequate surlace crop residue levels must he maintained for un
til! to reduce wind erosion. The ability of no—till to control water erosion has enormous
implications because intense rainstorms can cause large losses of soil in semiarid re
gions. increa. ing soil organic concentration t].rough no-till and other best management
practices is crucial for reducing soil erosion while improving soil quality and sustaining
crop production.
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A

[itiure 2. Influence ofd or amecarbon C (;efllraLiofl on (A) kneric enerts lraindrop%
requi.red to disIntegrate 4.75 to 8min aiAdrv soil ag qnes and (.B) watc.r repelle.ncv
across ftur Ol% underconenonaI tdlage and noill in the 0. to I Sn. depth in the central
(;r(at Plains

y
033

p<-001
Across all soils

B

y 0.037x 0,01
R2 = 0.38
P<001
Across all solls
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